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I .  INTRODUCTION 

R e c e n t  c h a n g e s  of p h i l o s o p h y  on t h e  s u b j e c t  o f  e n v i -  
r o n m e n t a l  c o n t r o l  a t  t h e  Rocky F l a t s  p l a n t  have l e d  t o  
c h a n g e s  i n  t h e  h a n d l i n g  o f  p r o c e s s  w a s t e .  In t h e  p a s t ,  
l e a k  d e t e c t i o n  i n  p i p e l i n e s  h a s  been e x t r e m e l y  d i f f i -  
c u l t  o r  i n a c c u r a t e ,  d e l a y i n g  n e c e s s a r y  r e p a i r s .  In 
c o n j u n c t i o n  w i t h  t h e  c o n s t r u c t i o n  o f  a new a q u e o u s  
w a s t e  t r e a t m e n t  p l a n t  ( B u i l d i n g  374), a new p r o c e s s  
w a s t e  l i n e  has' been.  i n s t a l l e d  which i s  d o u b l y - c o n -  
t a i n e d ,  p r o v i d i n g  a s e c o n d a r y  b a r r i e r  t o  c o n t a i n  l e a k s .  
T h i s  new s y s t e m  i s  a l s o  c o m p l e t e l y  i n s p e c t a b l e .  

R a t h e r  t h a n  s i m p l y  a b a n d o n i n g  t h e  o l d  l i n e s ,  i t  becomes 
n e c e s s a r y  t o  c o n c e r n  o u r s e l v e s  w i t h  t h e  c o n d i t i o n  of 
t h e  o r i g i n a l  p r o c e s s  w a s t e  c o l l e c t i o n  s y s t e m .  T h e s e  
l i n e s  a r e  n o t  o n l y  u n i n s p e c t a b l e ,  b u t  have been i n  
heavy u s e ,  i n  p a r t ,  f o r  2 5  y e a r s  and have r e q u i r e d  
numerous r e p a i r s  and m o d i f i c a t i o n s  i n  t h a t  t i m e .  I t  i s  

p o s s i b l e  t h a t  some p o r t i o n s  o f  t h e s e  l i n e s  may p r e s e n t  
a r e s i d u a l  h a z a r d  a f t e r  b e i n g  p l a c e d  i n  i d l e  s t a t u s .  
V a r y i n g  c o n d i t i o n s  may r e q u i r e  more e x t e n s i v e  a c t i o n s  
t h a n . s i m p l y  f l u s h i n g  and s e a l i n g  t h e  l i n e s .  I n  t h e  
e x t r e m e ,  f i l l i n g  o r  c o m p l e t e  removal  may be n e c e s s a r y .  

I n  r e s p o n s e  t o  a r e q u e s t  made by J .  A .  W a t t ,  E R D A - R F A O ,  

i n  t h e  f a l l  o f  1 9 7 5 ,  a n  o u t l i n e  was i n i t i a t e d  by 

B .  L. K e l c h n e r  o f  Waste  P r o c e s s i n g  t o  d e f i n e  t h e  d a t a  
needed t o  a n a l y z e  t h e  p r o b l e m .  

The f o l l o w i n g  e n g i n e e r i n g  s t u d y  i s  a c o l l e c t i o n  o f  

i n f o r m a t i o n  c o n c e r n i n g  t h e  e x i s t i n g  p r o c e s s  w a s t e  
c o l l e c t i o n  s y s t e m  which w i l l  be removed from s e r v i c e  
and u l t i m a t e l y  abandoned when t h e  new w a s t e  t r e a t m e n t  
f a c i l i t y  i s  o p e r a t i v e .  In o r d e r  t o  a s s i s t  i n  making a 
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judgement concerning the disposition o f  these lines, 
data has been tabulated that includes: line sizes, 
location, age, materials of construction, operating 
data, and unusual operating incidents. To supplement 
the criteria concerning possible environmental hazards , 
soil samples were taken and analyzed in areas of known 
leaks and repairs. The final step in the study was a 
library search for new developments in the area of pipe 
cleaning. This study includes lines buried in the 
field and waste collection tanks, both inside and out 
of the buildings. 
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11. SUMMARY  

The p u r p o s e  o f  t h i s  s t u d y  was t o  g a t h e r  p e r t i n e n t  d a t a  
f o r  use by q u a l i f i e d  c o n s u l t a n t s  r a t h e r  t h a n  t o  s t a t e  
c o n c l u s i v e l y  t h e  f i n a l  d i s p o s i t i o n  o f  t h e s e  l i n e s .  
However, a few g e n e r a l  o b s e r v a t i o n s  a r e  t h e  n a t u r a l  
c o n s e q u e n c e  o f  a n y  e x p o s u r e  t o  a n a l y t i c a l  d a t a .  As t h e  
s t u d y  p r o g r e s s e d ,  some c o n c l u s i o n s  became o b v i o u s  which  
m i g h t  be h e l p f u l  i n  m i n i m i z i n g  t h e  c o m p l e x i t y  o f  t h e  
problem.  

One m a j o r ' f a c t o r  i n  c o n s i d e r i n g  abandonment  of  a n y  o f  
t h e  l i n e s  i s  t h a t  s e v e r a l  t imes i n  t h e  p a s t ,  l e a k s  h a v e  
been c a u s e d  by . e q u i p m e n t  a c c i d e n t a l l y  b r e a k i n g  i n t o  a 
l i n e .  I t  i s  l i k e l y  t h a t ,  o n c e  t h e  l i n e s  a r e  no l o n g e r  
i n  u s e ,  c o n s c i o u s n e s s  o f  t h e i r  e x i s t e n c e  w i l l  become 
i n c r e a s i n g l y  o b s c u r e .  F i l l i n g  o f  t h e s e  abandoned l i n e s  
w i t h  some i n e r t  m a t e r i a l  would c o n f i n e  c o n t a m i n a n t s  i f  
f u t u r e  c o n s t r u c t i o n  a c t i v i t i e s  s h o u l d  damage t h e  l i n e s .  

One example where r e m o v a l  would be b o t h  p r a c t i c a l  and  
d e s i r a b l e  i s  t h e  o l d  s a r a n - l i n e d  p i p e  t h a n  runs b e t w e e n  
881 a n d  7 0 7 .  The l i n e  was i n s t a l l e d  i n  1 9 5 2  a n d  h a s  
had heavy u s a g e  and numerous r e p a i r s  s i n c e  t h a t  t i m e .  
S i n c e  t h e  l i n e  i s  d o u b l y - c o n t a i n e d ,  removal of  t h e  
3 "  i n n e r  s a r a n - l i n e d  s t e e l  p i p e  c o u l d  be a c c o m p l i s h e d  
w i t h o u t  e x c a v a t i o n  by p u l l i n g  t h e  l i n e  t h r o u g h  t h e  
1 0 "  v i t r i f i e d  c l a y  p i p e  c a s i n g .  Waste t r e a t m e n t  p e r s o n -  
n e l ,  u n d e r  t h e  d i r e c t i o n  o f  M .  E .  Maas have a l r e a d y  
s u c c e s s f u l l y  removed 1 2 0 '  o f  t h e  l i n e  i n  t h i s  m a n n e r .  
Because t h e  l i n e  w a s ,  a t  t h a t  t i m e ,  t h e  o n l y  means o f  

t r a n s f e r r i n g  p r o c e s s  w a s t e  f rom t h e  s o u t h  s i d e  of t h e  
p l a n t  t o  7 7 4 ,  no a t t e m p t  w a s  made t o  remove t h e  l o n g e r  
p i e c e s  of  l i n e .  S i n c e  t h e  l i n e  was abandoned i n  1 9 7 5 ,  
t h i s  method would be a n  e c o n o m i c a l ,  e x p e d i e n t  way t o  
e l i m i n a t e  one a r e a  o f  c o n c e r n .  
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An a r e a  where  a s t r o n g  a r g u m e n t  c o u l d  be  made f o r  
abandonment  i n - p l a c e  i s  t h e  l i n e  r u n n i n g  e a s t - w e s t  

b e t w e e n  4 4 4  and  8 8 3 .  A l t h o u g h  t h e  l i n e  i s  o l d  a n d  p i p e  

m a t e r i a l  i s  c a s t  i r o n ,  i t  h a s  c a r r i e d  o n l y  v e r y  s m a l l  

a m o u n t s  o f  d e p l e t e d  u r a n i u m  a n d  n i t r a t e s .  A s o i l  

s a m p l e  a t  t h e  l o c a t i o n  o f  t h e  o n l y  known b r e a k  i n  t h e  

l i n e  was  f o u n d  t o  c o n t a i n  6 2  ppm NO3. 
n e a r  b a c k g r o u n d  l e v e l  a t  t h i s  same l o c a t i o n .  

P l u t o n i u m  2 3 9  i s  

S o i l  s a m p l e s  were  o b t a i n e d  f r o m  a r e a s  known t o  be  contam-  

i n a t e d  a s  a r e s u l t  o f  l e a k s .  The s o i l  s a m p l e  r e s u l t s  

i n d i c a t e  t h a t  p i p e l i n e  r e m o v a l  w o u l d  n o t  r e q u i r e  r e m o v a l  

o f  s u r r o u n d i n g  s o i l .  A s s u m i n g  t h a t  t h e s e  s o i l  s a m p l e  

r e s u l t s  a r e  t y p i c a l ,  t h e y  do  n o t  b y  t h e m s e l v e s  c o n s t i t u t e  

a b a s i s  f o r  r emova l  o f  t h e  l i n e s .  I t  s h o u l d  be n o t e d  

t h a t  t h e  s a m p l e s  t a k e n  f r o m  t h e  7 00  A rea  ( s a m p l e s  4 - 9 )  

a r e  a b o v e  p l u t o n i u m  b a c k g r o u n d  l e v e l  w h i c h  i s  a p p r o x i -  

m a t e l y  0 . 0 3  d/m/g. The two t a k e n  i n  t h e  s o u t h  p a r t  of 

t h e  p l a n t  ( s a m p l e s  1 - 2 )  a r e  c l o s e r  t o  b a c k g r o u n d .  An 

e x p a n d e d  s o i l  s a m p l i n g  p r o g r a m  w o u l d  d e f i n e  , the  boun -  

d a r i e s  w i t h i n  w h i c h  c o n t a m i n a t i o n  l e v e l s  a r e  h i g h e r  

t h a n  n o r m a l .  * 

A l t h o u g h  t h e r e  a r e  no e s t a b l i s h e d  l e v e l s  f o r  n i t r a t e s  

i n  s o i l ,  t h e  s a m p l e  r e s u l t s  a r e  n o t  h i g h .  They  d o  

v e r i f y  t h a t  t h e r e  h a s  b e e n  l e a k a g e . *  

* E v a l u a t i o n  o f  t h e  s o i l  s a m p l e  a n a l y s i s  was  made w i t h  t h e  
h e l p  a n d  d i r e c t i o n  of M e r l y n  R .  B o s s  a n d  D a r y l  D. H o r n b a c h e r  
o f  H e a l t h  a n d  E n v i r o n m e n t a l  S c i e n c e .  

I,;';..:.::: ; ' .. :. ,:. . . . , , ... ... . 
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D i s p o s i t i o n  o f  l i n e s  i n  t h e  7 00  A r e a  w i l l  r e q u i r e  

c a r e f u l  c o n s i d e r a t i o n .  D e c i s i o n s  s h o u l d  be  made o n  a 

c a s e  b y  c a s e  b a s i s .  A f t e r  t h e  p r o c e s s  w a s t e  l i n e s  a r e  

n o  l o n g e r  i n  u s e ,  s a m p l e s  t a k e n  f r o m  t h e  i n s i d e  o f  t h e  

l i n e s  w o u l d  be v e r y  h e l p f u l  i n  g a u g i n g  a n y  r e s i d u a l  

h a z a r d s .  The d e s c r i p t i o n  o f  t h e s e  l i n e s  c o n t a i n e d  i n  

t h e  p r o c e s s  wa s t e  l i n e s  s e c t i o n  o f  t h i s  r e p o r t  a n d  t h e  

p r o c e s s  w a s t e  summary s h o u l d  be h e l p f u l  i n  d e t e r m i n i n g  

the,  c o n d i t i o n  o f  t h e s e  l i n e s .  
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111.  PROCESS  WASTE STREAMS  

T h e s e  s t r e a m s  o r i g i n a t e  f r o m  p r o d u c t i o n  a n d  r e s e a r c h  

a c t i v i t i e s  a n d  l a b o r a t o r y ,  l a u n d r y ,  d e c o n t a m i n a t i o n ,  

a n d  j a n i t o r i a l  o p e r a t i o n s .  A q u e o u s  c h e m i c a l  a n d  r a d i o -  

a c t i v e  w a s t e  a r e  g e n e r a t e d  i n  B u i l d i n g s  1 2 3 ,  4 4 4 ,  7 0 7 ,  

7 7 1 ,  7 7 6 ,  7 7 9 ,  8 6 5 ,  8 8 1 ,  8 8 3 ,  a n d  889.  E a c h  t a n k  o f  

w a s t e  i s  s a m p l e d  b e f o r e  s h i p m e n t  a n d ,  d e p e n d i n g  on  t h e  

l e v e l  o f  r a d i o a c t i v i t y  a n d  c h e m i c a l  c o m p o s i t i o n ,  c a n  be 

r o u t e d  t o  B u i l d i n g  7 7 4  f o r  t r e a t m e n t . ,  Pond  8-2 on S o u t h  

Wal-nut C r e e k ,  o r  t h e  s o l a r  e v a p o r a t i o n  p o n d s ,  F a c i l i t y  2 0 7 .  

A v e r a g e  vo lume  a n d  l e v e l  o f  c o n t a m i n a t i o n  h a v e  v a r i e d  

o v e r  t h e  y e a r s  a s  v a r i o u s  b u i l d i n g  o p e r a t i o n s  h a v e  been  

c h a n g e d .  U s a g e ,  i n  g e n e r a l ,  h a s  b e e n  h i g h  a n d  b o t h  

l i n e s  a n d  t a n k s  n o r m a l l y  c o n t a i n  l i q u i d s .  M o n t h l y  

a v e r a g e s  c o v e r i n g  a l l  y e a r s  t h e  p l a n t  h a s  b e e n  i n  

o p e r a t i o n  a r e  l i s t e d  i n  A p p e n d i x  2 f o r  e a c h  b u i l d i n g .  

111-1 
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I V .  PROCESS WASTE HOLDING T A N K S  

To  b e  c o n s i s t e n t  w i t h  t h e  c u r r e n t  p h i l o s o p h y  on  e n v i r o n -  

m e n t a l  p r o t e c t i o n  a t  t h e  R o c k y  F l a t s  p l a n t ,  p r o c e s s  

w a s t e  h o l d i n g  t a n k s  m u s t  be made d o u b l e - c o n t a i n e d  and  

i n s p e c t a b l e .  Some h a v e  a l r e a d y  been  m o d i f i e d  b y  p l a c i n g  

a new t a n k  i n s i d e  t h e  o l d  one .  O t h e r s  a r e  u n d e r  a u t h o r i -  

z a t i o n  a s  p a r t  o f  c o n s t r u c t i o n  p r o j e c t s  t o  be  made 

d o u b l y  c o n t a i n e d .  

I n  1 9 7 1  , s e v e r a l  s a m p l e  w e l l s  were d r i l l e d  a r o u n d  t h e  

b u r i e d  t a n k s  s o  t h a t  t h e y  c o u l d  be  r e g u l a r l y  m o n i t o r e d  

, f o r  r e l e a s e s  t o  t h e  e n v i r o n m e n t .  T w i c e  a y e a r ,  l i q u i d  

s a m p l e s  a r e  t a k e n  f r o m  t h e  s amp l e  w e l l s  a nd  t h e y  a r e  

a n a l y z e d  f o r  p l u t o n i u m ,  a m e r i c i u m ,  u r a n i u m ,  and  n i t r a t e s  

by t h e  H e a l t h  and  E n v i r o n m e n t a l  S c i e n c e  L a b o r a t o r i e s .  

I n  a s s e s s i n g  a n y  p o t e n t i a l  e n v i r o n m e n t a l  h a z a r d ,  A p p e n d i x  2 

w i l l  be  h e l p f u l .  The h i g h e s t  l e v e l  o f  c o n t a m i n a t i o n  

and  u s a g e  h i s t o r y  o f  e a c h  b u i l d i n g ' s  p r o c e s s  w a s t e  i s  

l i s t e d .  T h i s  i s ,  o f  c o u r s e ,  t h e  same w a s t e  t h a t  h a s  

been  c a r r i e d  by t h e  p r o c e s s  w a s t e  l i n e s .  T ank  m a t e r i a l ,  

c a p a c i t y  a nd  a g e  a r e  t a b u l a t e d  i n  t h e  t a b l e  i n c l u d e d  i n  

t h i s  s e c t i o n  o f  t h e  s t u d y .  
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V .  PONDS 

L o w - l e v e l  w a s t e  f r o m  t h e  b u i l d i n g s  a n d  f i l t r a t e  f r o m  

the  B u i l d i n g  7 7 4  s e c o n d  s t a g e  o p e r a t i o n s  a r e  sent 
e i t h e r  t o  t h e  s o l a r  e v a p o r a t i o n  p o n d s ,  2 0 7 - A ,  B ,  C o r  

d i s c h a r g e d  o f f - s i t e  t o  P o n d  8-2 o n  S o u t h  W a l n u t  C r e e k .  

In t h e  P r o c e s s  W a s t e  Summary,  A p p e n d i x  2 ,  2 0 7 - A ,  B a r e  

r e f e r r e d  t o  a s . 2 - A  a n d  2 -8 ,  r e s p e c t i v e l y .  T h e s e  w e r e  

t h e  o r i g i n a l  t e r m s  u s e d  t o  i d e n t i f y  t h e s e  p o n d s .  

O f - t h e  p o n d s  o n  S o u t h  W a l n u t  C r e e k ,  o n l y  o n e  i s  u s e d  

f o r  p r o c e s s  w a s t e .  I t  was p r e v i o u s l y  t h e  B u i l d i n g  9 9 5  

P o n d  ( l a t e r  c a l l e d  P o n d  3 ) .  I t  i s  now Pond  B-2.  

S o l a r  Evaporat ion Ponds Dimensions (ft) 

207-A 521 x 250 

207-C 248 x 16.8 

207 B-1 *250 x 181 

B-2 *250 x 181 

8-3 *250 x 181 

Capacity (ga l  1 
Operational - 5,112,000 
Overflow - 6,155,000 

Operational - 1,286,000 
Overflow - 1,673,000 

Operational - 1,583,000 
Overflow - 2,188,000 

Operational - 1,705,000 
Overflow - 2,310,000 

Operational - 1,710,000 
Overflow - 2,315,000 

*Depths vary 

S.  Walnut Creek Ponds Type o f  Waste Capacity (qal ) 
6 

B- 1 San i t a r y  Waste 0.8 x lo6 
6 

6 

B-2 Laundry Waste 1 . 9  x 10 

8-3 San i t a r y  Waste 0 .9  x 10 

B-4 San i t a r y  Waste 0 . 6  x 10 

v-1 
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V I .  PROCESS WASTE L I N E S  

The p r o c e s s  w a s t e  l i n e s  p r e s e n t l y  i n  u s e  v a r y  g r e a t l y  

i n  a g e ,  m a t e r i a l  a n d  u s a g e  h i s t o r y .  C o n s e q u e n t l y ,  a n y  

d e c i s i o n  c o n c e r n i n g  t h e i r  u l t i m a t e  d i s p o s a l  w i l l  v a r y  

f r o m  l i n e  t o  l i n e .  

I n  g e n e r a l ,  t h e  s y s t e m  i s  g r a v i t y - f l o w  a n d ' v e n t e d  s o  

t h e  l i n e s  h a v e  n o t  b e e n  s u b j e c t  t o  a n y  p r e s s u r e .  The  

l i n e  c o m i n g  f r o m  B u i l d i n g  4 4 4  t o  B u i l d i n g  8 8 3  i s  pumped 

b u t  i s  e s s e n t i ' a l l y  a t  a t m o s p h e r i c  p r e s s u r e  due  t o  i t s  

l a r g e  4 "  d i a m e t e r  a n d  t h e  l o w  vo lume  o f  w a s t e  c a r r i e d  

f r o m  t h i s  a r e a .  The l i n e  c om ing  f r o m  8 8 1  n o r t h  t o  8 8 3  

i s  a l s o  pumped b u t  p r e s s u r e  s h o u l d  n o t  e x c e e d  a b o u t  

1 0  p s i .  

The o n l y  t h e r m a l l y  h o t  w a s t e  c o m i n g  t h r o u g h  t h e  l i n e s  

h a s  been  s t e a m  c o n d e n s a t e  f r o m  B u i l d i n g  8 8 1 .  A l t h o u g h  

t h e  t e m p e r a t u r e  s h o u l d  n o t  h a v e  a f f e c t e d  t h e  s a r a n -  

l i n e d  s t e e l  u s e d  i n  t h i s  l i n e ,  t h e  s t e am  c o n d e n s a t e  i s  

b e l i e v e d  t o  be  t h e  p r o b a b l e  c a u s e  o f  n ume rou s  l e a k s  a t  

t h e  45" e l b o w s  of t h e  l i n e s .  The s t e a m  c a u s e d  e x p a n s i o n  

i n  t h e  f l a n g e s  w h i c h  a l l o w e d  a c i d s  i n  t h e  w a s t e  t o  

c o r r o d e  t h e  o u t e r  m i l d  s t e e l .  ( F o r  more  i n f o r m a t i o n ,  

s e e  A p p e n d i x  1-A 2 . )  

The f o l l o w i n g  t a b l e  i s  a c o l l e c t i o n  o f  d a t a  c o n c e r n i n g  

t h e  p r o c e s s  w a s t e  l i n e s  w h i c h  w i l l  b e  s u p e r s e d e d  by t h e  

new, d o u b l e - c o n t a i n e d  s y s t e m .  L i n e  s i z e s ,  l e n g t h ,  a g e ,  

and  m a t e r i a l s  o f  c o n s t r u c t i o n  h a ve  been  t a b u l a t e d .  The 

o p e r a t i n g  d a t a  and  l e a k  i n f o r m a t i o n  a r e  c o n t a i n e d  i n  

t h e  a p p e n d i c e s .  The l a s t  c o l umn  o f  t h e  t a b l e  r e f e r s  t o  

t h e  a p p e n d i x  w h i c h  c o n t a i n s  i n f o r m a t i o n  p e r t i n e n t  t o  

e a c h  l i n e .  

v r - i  
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V I I .  APPEND ICES  

.. . . .  . 
_;:. : .. .:_ ...- ... . . .  
A,.:.:. :. :.:.. ._ ._ .  . . . . .  

A p p e n d i x  1-A a n d  1 - B  d e s c r i b e  l e a k s  a n d  r e p a i r s .  1 - A  
i s  c r o s s r e f e r e n c e d  t o  D r a w i n g  1 5 5 0 7 - 4  i n  A p p e n d i x  4 .  

1-B i s  c r o s s r e f e r e n c e d  t o  D r a w i n g  15507 -5  i n  A p p e n d i x  4 .  

A p p e n d i x  2 i s  a summary o f  t h e  w a s t e s  c a r r i e d  b y  t h e  

l i n e s  o v e r  t h e  y e a r s .  A p p e n d i x  3 c o n t a i n s  t h e  r e s u l t s  

o f  e i g h t  s o i l  s a m p l e s  t a k e n  i n  a r e a s  o f  p o s s i b l e  c o n t a m i -  

n a t i o n  f r om l e a k s .  T h e s e  a r e a s  a r e .  a l s o  marked  o n  t h e  

d r a w i n g s  i n  A p p e n d i x  4 .  The f i r s t  c o l u m n s  o f  t h e  

P r o c e s s  Waste  L i n e s  T a b l e  l o c a t e  t h e  p i e c e  o f  l i n e  

b e i n g  d e s c r i b e d .  R e f e r e n c e  p o i n t s  and  c o o r d i n a t e s  

r e f e r  t o  t h e  d r a w i n g s  i n  A p p e n d i x  4 .  

.:.:..: . . .. ... . . . . . . . . . -_...:_.:. . ~ 

. . . . . . . . : .. . .  
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A P P E N D I X  1-A - LEAKS  AND R E P A I R S  

( N o t e s  o n  D r a w i n g  15507 -4 )  

A .  ' The l i n e  be tween  t h e  8 8 4  v a l v e  p i t  a n d  t h e  v a l v e  p i t  

e a s t  o f  B u i l d i n g  5 5 7  ( g u a r d  s t a t i o n )  w a s  f o u n d  t o  h a v e  

a l e a k  r a t e  o f  2 . 7  g a l / h r  a t  2 0  p s i g  ( 6 5  g a l / d a y )  i n  May 

1 9 7 1  b y  I n t e r n a t i o n a l  L e a k  D e t e c t i o n  S e r v i c e s  i n  H o u s t o n ,  

T e x a s .  T h i s  l i n e  ( E 2 0 5 6 0  f r o m  N36232  t o  N 3 6 9 1 0 )  i s  3 "  

m i l d  s t e e l  l i n e d  w i t h  s a r a n  a n d  e n c a s e d  i n  a 1 0 "  v i t r i -  

f i e d  c l a y  p i p e .  The l i n e  was  i n s t a l l e d  i n  1 9 5 2  a n d  

a b a n d o n e d  i n  1 9 7 5 .  The r e m a i n i n g  p i e c e  o f  l i n e  ( g o i n g  

f r o m  t h e  v a l v e  p i t  o f  N 3 6 9 1 0  t o  t h e  v a l v e  p i t  e a s t  o f  

B u i l d i ' n g  5 5 7 )  i s  3 "  s t a i n l e s s  s t e e l  and  was p l a c e d  i n  

1 9 6 8 .  The f i r s t  1 2 0 '  n o r t h  o f  t h e  8 8 4  v a l v e  p i t  was  

r e p a i r e d - a s  f o l l o w s :  t h e  1 0 "  V C P  c o n t a i n m e n t  was  k e p t  

i n  p l a c e  b u t  t h e  i n n e r  3 "  s a r a n - l i n e d  p i p e  was  r e p l a c e d  

w i t h  a 3 "  r i b b e d  h o s e .  J u s t  n o r t h  o f  C e n t r a l  A v e n u e  

( e v e n  w i t h  t h e  c o n c r e t e  a n c h o r  f o r  t h e  power  p o l e )  a 

new d o u b l e - c o n t a i n e d  l i n e  ( 3 "  r i b b e d  h o s e  i n  4 "  FG- 

r e i n f o r c e d  e p o x y )  j o g s  t o  t h e  w e s t  o f  t h e  o l d  l i n e  

a b o u t  4 f t .  a n d  c o n t i n u e s  n o r t h ,  p a r a l l e l  t o  t h e  a b a n d o n e d  

3 "  s a r a n - l i n e d  p i p e  a n d  1 0 "  V C P  c o n t a i n m e n t .  A s o i l  

s a m p l e  and  c l a y  t i l e  p i p e  s a m p l e  t a k e n  i n  May 1 9 7 2  

( R e p o r t  P R O  9 5 0 4 6 3 - 1 0 7 )  o f  t h e  abandoned  l i n e  s h o w e d  n o  

m e a s u r a b l e  amount  o f  c o n t a m i n a t i o n  and  a v i s u a l  i n s p e c -  

t i o n  showed o n l y  s u r f a c e  r u s t .  Some b o l t s  a t  t h e  

f l a n g e s  were t e s t e d  a n d  f o u n d  t o  be i n  g o o d  c o n d i t i o n .  

A s o i l  s a m p l e  was t a k e n  f o r  t h i s  s t u d y  a t  t h e  884  v a l v e  

p i t  ( s e e  A p p e n d i x  3 f o r  a s k e t c h ) .  A n a l y s i s  r e s u l t s  

showed P u  239 - 0 . 0 4 9  d/m/g a n d  N O 3  - 1 1 0  pprn. 

B. T h e r e  i s  an  a b a n d o n e d  l i n e  f r o m  t h e  v a l v e  p i t  a t  N 3 6 9 1 0  

E 2 0 5 6 0  ( W e s t  o f  7 0 7 )  r u n n i n g  a t  a d i a g o n a l  t o  t h e  

n o r t h e a s t  and  e n d i n g  a t  1137370 E 2 0 9 9 0 .  The l i n e  i s  

3 "  s a r a n - l i n e d  s t e e l  i n  1 0 "  v i t r i f i e d  c l a y  c o n t a i n m e n t .  
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A l a r g e  p o r t i o n  o f  i t  l i e s  u n d e r  B u i l d i n g  707  w h i c h  was 

' b u i l t  a f t e r  t h e  l i n e  was  a b a n d o n e d  i n  1 9 6 8 .  S u b s t a n t i a l  

l e a k s  o c c u r r e d  a t  t h e  e l b o w  c o n n e c t i o n s  d u r i n g  i t s  u s e  

d u e  t o  e x p a n s i o n  f r o m  s t e a m  c o n d e n s a t e  f r o m  B u i l d i n g  881. 

L e a k s  o f  a c i d i c  p r o c e s s  w a s t e  r e s u l t e d  i n  c o r r o s i o n  of 

t h e  o u t s i d e  m i l d  s t e e l .  The a b a n d o n e d  l i n e  c o n t i n u e s  

n o r t h  f r o m  t h e  j o i n t  a t  N 3 7 3 7 0  E 2 0 9 9 0  a n d  i s  b u r i e d  

b e n e a t h  B u i l d i n g  7 7 7 .  I t  i s  p r o b a b l e  t h a t  p o r t i o n s  o f  

a l l  t h i s  l i n e  were  removed  a s  e x c a v a t i o n  f o r  707  a n d  

7 7 7  made n e c e s s a r y .  One b a d  l e a k  o c c u r r e d  i n  December  

o f  .1958 when t h e  s o u t h  45"  e l b o w  b r o k e  and  p r o c e s s  

w a s t e  f o l l o w e d  t h e  c o n t a i n m e n t  p i p e  t o  t h e  n o r t h  4 5 "  e l b o w  

a n d  l e a k e d  i n t o  a d i t c h .  F r o m  B u i l d i n g  8 8 1 ,  2 , 7 0 0  g a l l o n s  

o f  l a b  w a s t e  ( r a d i o a c t i v i t y  . 5 1  ppm e n r i c h e d  u r a n i u m ,  

pH 5 . 6 ,  NO3 1 20  ppm) a n d  2 , 7 0 0  g a l l o n s  o f  l a u n d r y  w a s t e  

( r a d i o a c t i v i t y  . 5 1  ppm e n r i c h e d  u r a n i u m ,  p H  9 . 4 )  was  

s e n t  a n d  1 , 3 5 0  g a l l o n s  were  r e c e i v e d  i n  7 7 4 .  The e l b o w  

was  r e p a i r e d  a n d  t h e  l i n e  r e m a i n e d  i n  u s e  f o r  a n o t h e r  

1 0  y e a r s .  A s o i l  s a m p l e  t a k e n  f o r  t h i s  s t u d y  a t  t h e  

v a l v e  p i t  w e s t  of 7 0 7  ( s e e  A p p e n d i x  3 ,  s o i l  s a m p l e  # 4 )  

s howed  P u  2 3 9  - 0 . 1 4 5  d/m/g a n d  NO3 - 54  pprn. 

C .  The  e a s t - w e s t  l i n e  r u n n i n g  a t  N 3 6 0 3 0  a n d  c o n n e c t i n g  

B u i l d i n g s  1 2 2 ,  1 2 3 ,  a n d  4 4 4  t o  a j u n c t i o n  w i t h  t h e  

n o r t h - s o u t h  l i n e  w e s t  . .  o f  B u i l d i n g  8 8 3  i s  t h e  o r i g i n a l  

4 "  c a s t  i r o n  p i p e  w i t h  b e l l - a n d - s p i g o t  c o n s t r u c t i o n  a n d  

i s  a b o u t  2 3  y e a r s  o l d .  S i g n i f i c a n t  l e a k s  were  f o u n d  i n  

t h e  j o i n t s  by  I n t e r n a t i o n a l  L e a k  D e t e c t i o n  S e r v i c e  i n  

1 9 7 1 .  L e a k  r a t e  was  d e t e r m i n e d  t o  be 2 . 5  g a l / h r  a t  

3 7  p s i g .  The l i n e  i t s e l f  seemed t o  be i n t a c t  and  t h e  

j o i n t s  were  r e p a c k e d  t o  s t o p  f u r t h e r  l e a k a g e .  The l i n e  

was  t e s t e d  u n d e r  p r e s s u r e  g r e a t e r  t h a n  t h a t  n o r m a l l y  

f o u n d  u n d e r  o r d i n a r y  w o r k i n g  c o n d i t i o n s .  R e p o r t  

P R D  9 5 0 4 6 3 - 1 0 7 ,  Flay 1 9 7 2  b y  H o r n b a c h e r  and L o t t  d e s c r i b e s  

t h e  p r o b l e m  and  r e p a i r  i n  d e t a i l .  
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D .  A break  i n  t h e  l i n e  c l o s e  t o  t h e  dr iveway of B u i l d i n g  663  
o c c u r r e d  around 1 9 6 0  t o  1 9 6 2 .  The l i n e  chipped a s  
t r u c k s  backed o v e r  t h e  s h a l l o w  c o v e r  and t h e  l e a k  was 
d e t e c t e d  a s  w a t e r  bubbled t o  t h e  ground s u r f a c e .  A 
smal l  p o r t i o n  o f  t h e  l i n e  was r e p l a c e d  and n o  subsequent  
l e a k s  were r e p o r t e d .  

E .  A p i e c e  o f  l i n e  r i g h t  under t h e  o u t s i d e  p e r i m e t e r  r o a d  
( t h i s  l i n e  goes  o f f - s i t e  t o  Pond B - 2 )  was b r o k e n  by a 
c a b l e - l a y i n g  o p e r a t i o n  a n d  r e c o v e r e d .  The l e a k  was 
d e t e c t e d  by e x c e s s  w a t e r  in t h e  c u l v e r t  a n d  s u b s e q u e n t l y  
r e p a i r e d  by r e p l a c i n g  a p i e c e  o f  t h e  l i n e .  
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APPENDIX 1-B - LEAKS AND REPAIRS 
( N o t e s  o n  D r a w i n g  1 5 5 0 7 - 5 )  

A. The two p a r a l l e l  l i n e s  r u n n i n g  b e t w e e n  7 7 4  a n d  t h e  

v a l v e  p i t  n o r t h  o f  t a n k  207  w e r e  f o u n d  t o  be l e a k i n g  

b a d l y  i n  t h e  o l d  c a s t  i r o n  s e c t i o n s .  The 3 "  l i n e  h a d  a 

l e a k  r a t e  o f  1 4  g a l / h r  a t  2 0  p s i g .  The  p a r a l l e l  4 "  

l i n e  h a d  a l e a k  r a t e  o f  4 5  g a l / h r .  B o t h  were  r e p l a c e d  

i n  A p r i l  1 9 7 2 .  S o i l  s a m p l e  # 8  t a k e n  e a s t  o f  t h e  v a l v e  

p i t  n o r t h  o f  t a n k  207  showed P u  2 3 9  - 1 . 8 3  d/m/g; NO3 - 
7 6  ppm. 

B .  The v a l v e s  on t h e  n o r t h  of 7 7 7  ( N 3 7 7 1 5  E 2 1 0 5 5 )  were  

f o u n d  t o  be  l e a k i n g  i n  1 9 7 1  a t  a r a t e  of 2 5  g a l / h r  a t  

2 0  p s i g .  A v a l v e  p i t  was  c o n s t r u c t e d  i n  May 1 9 7 4 .  

S o i l  s a m p l e  # 6  showed P u  2 3 9  - 0 . 0 5  d / m / g ;  NO3  - 1 0 5  ppm. 

C .  N o r t h  o f  t h e  new w a s t e  p a c k a g i n g  f a c i l i t y  j o i n i n g  7 7 1  

a n d  7 7 4 ,  a l e a k  r a t e  o f  1 5  g a l / h r  a t  2 0  p s i g  a t  t h e  

j u n c t i o n  o f  a 6 "  c a s t  i r o n  w i t h  a 3 "  s t e e l  l i n e  was 

f o u n d  i n  1 9 7 1  b y  I n t e r n a t i o n a l  L e a k  D e t e c t i o n  S e r v i c e s .  

The 3 "  s t e e l  h a s  s i n c e  been  r e p l a c e d  w i t h  a 3 "  s t a i n l e s s  

s t e e l  l i n e  when t h e  w a s t e  p a c k a g i n g  f a c i l i t y  was  added  

i n  1 9 7 2 .  S o i l  s a m p l e  X9  was  a n a l y z e d  t o  c o n t a i n  P u  2 3 9  - 
3 . 3 8 5  d/m/g and  NO3  - 4 4  ppm. 
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APPENDIX 2 - PROCESS  WASTE SUMMARY 

4 

T h e s e  d a t a  were  t a k e n  f r o m  t h e  r e c o r d s  o f  s h i p m e n t s  t o  

a n d  f rom 8 u i l d i n g  7 7 4  k e p t  by M.  E. M a a s ,  W a s t e  T r e a t -  

ment  S u p e r v i s o r .  The r e c o r d s  were s u m m a r i z e d  t o  f i n d  

t h e  h i g h e s t  c o n c e n t r a t i o n s  o f  r a d i o a c t i v i t y  a n d  c h e m i c a l  

c o n t a m i n a t i o n  t h a t  h a v e  been  p r e s e n t  i n  t h e  p r o c e s s  

w a s t e  l i n e s  a n d  t a n k s .  B e c a u s e  o f  t h e  h u g e  amount  o f  

d a t a  a n d  t i m e  1 i m i t a t i o n s ,  a p p r o x i m a t e l y  o n e - f o u r t h  o f  

t h e  d a t a  was  s e l e c t e d  t o  be t a b u l a t e d .  I n  m o s t  c a s e s ,  

t h e r e  was  l i t t l e  v a r i a t i o n  i n  m o n t h l y  v o l u m e s  a n d  t h r e e  

m o n t h s  were  p i c k e d  a t  random ( u s u a l l y  J a n u a r y ,  M a y ,  a n d  

O c t o b e r ) .  When a m a r k e d  c h a n g e  was n o t i c e d  i n  u s a g e ,  

t h e  m o n t h  w i t h  t h e  h i g h e s t  t o t a l  v o l u m e  was u s e d .  A t  

t i m e s ,  i t  was  p o s s i b l e  t o  s c a n  t h e  e n t i r e  y e a r  a n d  

t o t a l  t h e  v o l u m e .  T h o s e  p l a c e s  h a v e  b e e n  m a r k e d  a s  
y e a r l y  t o t a l s .  

U n i t s  a n d  n o t a t i o n  a r e  t h e  same a s  i n  t h e  o r i g i n a l  

r e c o r d s .  The  n o t e s  w h i c h  c l a r i f y  w h i c h  s u b s t a n c e s . a r e  

r e f e r r e d  t o  i n  t h e  a c t i v i t y  c o l u m n  w e r e  g i v e n  b y  Bob  C a r -  

p e n t e r ,  A s s i s t a n t  M a n a g e r  o f  G e n e r a l  L a b s .  

2 - 1  
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APPENDIX 2 - PROCESS WASTE SUMMARY 

B u i l d i n g s  - Waste i n t o  2 n d  S t a g e  o f  7 7 4  

4 4 1  
883 
8 8 1  

4 4 4  
5 5 9  
8 8 9  
1 2 2  
1 2 3  
8 8 6  
7 7 6  
7 7 1  
7 0 7 - 7 7 9  

P a g e  

2 - 3  
2 - 3  
2 - 3 ,  2 - 4 ,  
2 - 5  
2 - 5 ,  2 - 6  
2 - 6  
2 - 7  
2 - 7  
2 - 7  
2 - 7  
2 - 7  
2 - 8  
2 - 8  

T r e a t e d  W a s t e  f r o m  7 7 4  t o  P o n d s  2 - 9  

Raw W a s t e  t o  P o n d s  2 - 1  1 

B u i l d i n g  7 7 1  - W a s t e  i n t o  1 s t  S t a g e  of 7 7 4  - s e e  F o o t n o t e  - P a g e  2 - 7  
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A P P E N D I X  3 - S O I L  SAMPLES  

N i n e  l o c a t i o n s  w e r e  c h o s e n  f o r  s o i l  s a m p l i n g  i n  a r e a s  

where  r e p a i r s  o r  l e a k s  h a v e  o c c u r r e d .  A l l  s a m p l e s  were  

t a k e n  f r om t h e  b i t  o f  a n  a u g e r  a f t e r  d r i l l i n g  t o  a b o u t  

4 '  deep .  S o i l  s a m p l e  p i t s  w e r e  l o c a t e d  a s  c l o s e  a s  

p o s s i b l e  t o  t h e  a r e a  o f  c o n c e r n  a n d  g e n e r a l l y  o n  t h e  

n o r t h e a s t  s i d e .  E x a c t  d i s t a n c e s  a r e  n o t e d  o n  t h e  

s k e t c h e s  c o n t a i n e d  i n  t h i s  a p p e n d i x .  

S o i l  s a m p l e  a n a l y s e s  w e r e  c o n d u c t e d  b y  t h e  H e a l t h  a n d  

E n v i r o n m e n t a l  S c i e n c e  L a b s ,  u n d e r  t h e  d i r e c t i o n  o f  

We1 d o n  Will i a m s .  

S o i l  s a m p l e  a n a l y s i s  r e s u l t s :  

Sample No. 1103 (PPm) 

62 
110 
54 

148 
104 
70 
76 
44 

PuZ3' (d/m/g) 

0.037 
0.049 
0.145 
0'. 485 
0.05 
0.185 
1 .83  
3.385 
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A P P E N D I X  5 - L I B R A R Y  SEARCH 

P I P E  CLEAN ING  METHODS 

A s u r v e y  o f  t h e  t e c h n i c a l  p e r i o d i c a l  i n d e x e s  was  c o n -  

d u c t e d  t o  s e a r c h  o u t  new d e v e l o p m e n t s  i n  t h e  a r e a s  o f  

p i p e  c l e a n i n g ,  p l u g g i n g ,  a n d  r e m o v a l .  C r o s s  r e f e r e n c e s  

were  u s e d  i n  t h e  a r e a  o f  n u c l e a r  w a s t e s  a s  w e l l  a s  

g e n e r a l  p i p e  l i s t i n g s .  

A l t h o u g h  t h e r e  a r e  now a number  o f  i n s t a l l a t i o n s  i n  

t h i s  c o u n t r y  w h i c h  h a n d l e  n u c l e a r  m a t e r i a l s ,  n o t  many 

h a v e  b e e n  i n  s e r v i c e  a s  l o n g  a s  t h e  R o c k y  F l a t s  P l a n t .  

U n d e r s t a n d a b l y ,  t h e r e  h a s  b e e n  l i t t l e  w r i t t e n  o n  t h e  

p r o b l e m  o f  a b a n d o n i n g  p i p e l i n e s  w h i c h  h a v e  t h e  p o t e n t i a l  

o f  c o n t a i n i n g  n u c l e a r  r e s i d u e .  Some i n f o r m a t i o n  was  

f o u n d  w h i c h  c o u l d  b e  h e l p f u l  i n  c l e a n i n g  t h e  l i n e s  b u t  

n o t h i n g  o n  p i p e  p l u g g i n g  o r  r e m o v a l .  

One v e r y  s p e c i f i c  p r o c e d u r e  was  recommended b y  D r .  3 .  A .  A y r e s  
o f  B a t t e l l e  N o r t h w e s t :  ( 1  1 

1 .  U s e  a s o l u t i o n  o f  1 8 %  p o t a s s i u m  h y d r o x i d e  a n d  3 %  

p o t a s s i u m  p e r m a n g a n a t e  f o r  t h r e e  h o u r s  a t  1 0 5 "  C 

( 2 2 1 "  F )  

2 .  R i n s e  t h r o u g h l y  

3 .  U s e  1 0 %  s u l f a m i c  a c i d  f o r  t h r e e  h o u r s  a t  7 0 "  C 

( 1 5 8 "  F )  

4 .  R i n s e  t h r o u g h l y  

5-8.  R e p e a t  s t e p s  1-4 

D r .  A y r e s  h a s  u s e d  t h i s  method  t o  c l e a n  p i p e s  t h a t  h a v e  

c a r r i e d  n u c l e a r  m a t e r i a l s .  A1 t h o u g h  t h e .  t e m p e r a t u r e s  

seem u n r e a l i s t i c  f o r  c l e a n i n g  p i p e s  s e v e r a l  h u n d r e d  

( 1 )  How t o  E m p l o y  C h e m i c a l  C l e a n i n g  f o r  Power  a n d  P r o -  
c e s s  P i p i n g ,  C .  M .  L o u c k s ,  H e a t i n g ,  P i p i n g  a n d  A i r  
c o n d i t i o n i n g ,  J u n e  1 9 6 5 .  

5-1 



Y . , YI.; L 

f e e t  l o n g ,  t h e  s o l u t i o n s  c o u l d  s t i l l  be  a n  improvement  

o v e r  t h o s e  u s e d  f o r  c l e a n i n g  p i p e s  w i t h  more  t y p i c a l  

wa s t e  p r o d u c t s .  

T h e r e  i s  ample  i n f o r m a t i o n  s u g g e s t i n g  t h a t  s u l f a m i c  
a c i d  i s  b e t t e r  t h a n  h y d r o c h l o r i c .  S p e c i f i c a l l y :  ( 2 )  

A .  I n h i b i t e d  s u l f a m i c  a c i d  v s .  h y d r o c h l o r i c  a c i d  

1 .  s u l f a m i c  i s  s a f e r  t o  u s e ,  a more  e f f e c t i v e  

- 2 .  t h e  s o l u t i o n  s t r e n g t h  a n d  t e m p e r a t u r e  a r e  n o t  

d e s c a l e r  a nd  p o s e s  n o  c o r r o s i o n  p r o b l e m s  

c r i t i c a l ,  e v e n  i f  a n  e r r o r  i s . m a d e ,  t h e r e  i s  

no d a n g e r  o f  damage t o  e q u i p m e n t  

B .  B a s i c  r u l e s  f o r  u s i n g  s u l f a m i c  a c i d  

1 .  keep  i t  h o t  - t h e  b e s t  t e m p e r a t u r e  i s  a b o u t  

2 .  keep  i t  s t r o n g  - 4 0  l b  d r y  a c i d  d e s c a l e r / 5 0  g a l -  

1 6 0 "  F 

l o n s  o f  w a t e r .  Too  much a c i d  i s  u n e c o n o m i c a l ,  

t o o  much w a t e r  i s  n o t  s t r o n g  e n o u g h .  

3 .  , k e e p  i t  m o v i n g  - t o  k eep  f r e s h ,  s t r o n g  a c i d  

a g a i n s t  t h e  p i p e  w a l l s  

O t h e r  p e r i o d i c a l s  w h i c h  m i g h t  be  h e l p f u l  a r e :  

A p p l y i n g  Chemica l  C l e a n i n g  S o l v e n t s ,  C .  M .  L o u c k s ,  
H e a t i n g - P i p i n g ,  S ep tembe r  1 9 6 4 .  

S t e p s  f o r  Chemica l  C l e a n i n q  o f  P i p i n g  S y s t e m s ,  C .  M .  L o u c k s ,  
H e a t i n g - P i p i n g ,  May 1 9 6 4  

How t o  Choose  An A c i d i c  C l e a n e r ,  J .  D .  P a l m e r ,  Can .  
Chem. P r o c e s s .  , J a n u a r y  1 9 7 0  

( 2 )  I t ' s  Cheape r  t o  C l e a n  i t  I n - P l a c e ,  C .  T .  G a l l i n g e r ,  
M i l l  & F a c t o r y ,  May 1 9 6 5 .  

5-2 
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REFERENCE  DRAWINGS 

The f o l l o w i n g  d r a w i n g s  f o r  l o c a t i o n  a n d  d a t i n g  o f  t h e  p r o -  

c e s s  w a s t e  c o l l e c t i o n .  s y s t e m  a r e  a v a i l a b l e  i n  t h e  F a c i l i t i e s  

E n g i n e e r i n g  a n d  C o n s t r u c t i o n  D e p a r t m e n t :  

O r i g i n a l  P r o c e s s  Waste  L i n e s *  

1 5 5 0 1  - ( U t i  1 i t y  D r a w i n g s )  

1 3 9 0 2  

25609 -X08  

SK -410204 -  (1  - 5 )  

New P r o c e s s  Waste  L i n e s  

2 5 0 5 2 - 0 4 7  

P r o c e s s  Was te  C o l l e c t i o n  T a n k s  

1 9 8 7 8 - 1  
1 9 8 7 8 - 2  

* The  d r a w i n g s  c o n t a i n e d . i n  t h i s  s t u d y  o f  t h e  p r o c e s s  

w a s t e  l i n e s  h a v e  b e e n  t h r o u g h l y  c h e c k e d  and  a l t e r e d  f o r  

a c c u r a c y .  M o s t  o f  t h e  c h a n g e s  i n c o r p o r a t e d  i n  t h e  

d r a w i n g s  a r e  f r o m  i n f o r m a t i o n  o b t a i n e d  f r o m  M. E .  Maa s  

o f  Was te  T r e a t m e n t .  The n u m e r o u s  s k e t c h e s  o f  c h a n g e s  

a n d  r e p a i r s  i n  t h e  l i n e s  k e p t  b y  M r .  Maas  a n d  h i s  

e x c e l l e n t  memory were  a m o s t  i m p o r t a n t  r e s o u r c e  i n  

l o c a t i n g  l i n e s .  F i e l d  c h e c k s  were  made wheneve r  p o s -  

s i b l e  s u c h  a s  a t  e n t r y  p o i n t s  t o  b u i l d i n g s ,  v a l v e  p i t s ,  

e t c .  

, -  . . . , , ,  _ .  


